Introduction
Melanges associated with ophiolites shed light on the regional tectonic evolution of oceanic basins and continental margins (Gansser, 1974) . Melanges play an important role in the tectonic evolution of Tethys in the Eastern Mediterranean region, especially in Turkey (Robertson, 1994) . In southern Turkey, an E-W-trending Mesozoic shallow-water carbonate platform, known as the Tauride Carbonate Platform, is bounded to the north and south by allochthonous ophiolite-related units, including melanges (Fig. 1) . † Author for correspondence: Alastair. Robertson@glg.ed.ac.uk The southern margin of the Tauride Carbonate Platform, locally known as the Bolkar Daǧ (Fig. 2) , is overthrust by melange and a dismembered ophiolite (Demirtaşlı et al. 1984; Dilek & Whitney, 1997; Parlak, Ç elik & Delaloye, 2001) . Along strike, further west, there are regionally extensive allochthons that include continental margin, basinal, ophiolitic and melange units and are known as the Beyşehir-Hoyran-Hadim Nappes (Özgül, 1984 , 1997 Monod, 1977; Andrew & Robertson, 2002; Elitok, 2002) . Further west again, extending to the Aegean coast are comparable marginal, basinal and ophiolitic units of the Lycian Nappes (De Graciansky, 1972; Poisson, 1977; Ş enel, 1991; Collins & Robertson, 1997 , 1998 . In addition, broadly similar ophiolitic units are exposed to the south of the Tauride Carbonate Platform in an elongate belt extending from eastern Turkey, through northern Syria (Baer-Bassit region), western Cyprus (Mamonia Complex), to southwestern Turkey (Antalya Complex; see Robertson, 2002 , for a review).
In one interpretation, all of these allochthonous ophiolite-related units were thrust from a single Tethyan ocean basin, located to the north of the Tauride Carbonate Platform, during Late CretaceousEarly Tertiary time (Ricou, Argyriadis & Marcoux, 1975) . Alternatively, the northerly units (e.g. Beyşehir-Hoyran Nappes) were derived from one (or several) northerly oceanic basin (Northern Neotethys or Inner Tauride Ocean), whereas southerly units (e.g. Mamonia Complex, Antalya Complex) were derived from a separate southerly oceanic basin (Southern Neotethys) (Robertson & Woodcock, 1980; Ş engör & Yılmaz, 1981) . Recently, dual origins were assumed in several regional plate tectonic syntheses (Robertson, 1998 (Robertson, , 2000 Stampfli et al. 2001) .
The above interpretations have not taken into account melange and ophiolite exposures, known as the Mersin Melange and the Mersin Ophiolite, that are located to the south of the Tauride Carbonate Platform in the hinterland of the coastal city of Mersin (Fig. 2) . Previous reconnaissance has suggested an origin of the melange and ophiolite as Mesozoic continental margin and oceanic units that were emplaced from the Southern Neotethys (Parlak, 1996; Parlak, Bozkurt & Delaloye, 1996) . This interpretation is problematic, as it is generally assumed in most regional reconstructions that northward subduction took place beneath the Tauride microcontinent from the Southern Neotethys (Hall, 1977; Aktaş & Robertson, 1984; Yılmaz, 1993; Robertson et al. 2004) . On the other hand, southward emplacement of ophiolites onto the northern margin of the Tauride Carbonate Platform in the same region is now well established (Monod, 1977; Özgül, 1984 , 1997 Andrew & Robertson, 2002) .
In this paper, we will discuss the tectonostratigraphy, structure and origin of the Mersin Melange in the light of other ophiolite-related melange units located both to the south and north of the Tauride Carbonate Platform.
Regional setting
The Mersin Melange forms a NE-SW-trending exposure, c. 40 km long by up to 15 km wide (Fig. 2) . The best outcrops are on the southern flank of the Bolkar Daǧ above the tree line (c. 1500 m). In the northeast, the Mersin Melange directly overlies Upper Cretaceous pelagic carbonates and ophiolite-derived debris flow units ('olistostromes'), forming the highest stratigraphic levels of the Tauride Carbonate Platform (the Southern Bolkar Daǧ). Further west it is exposed in inliers beneath Miocene cover sediments of the Adana Basin, with no exposed base.
Mapping of two areas by Pampal (1984 Pampal ( , 1987 established the following overall tectono-stratigraphy beneath the Tertiary sedimentary cover, from the top downwards: (1) Mersin Ophiolite; (2) metamorphic sole of the ophiolite; (3) Mersin Melange (Fig. 3) . Metamorphic sole-type rocks are also locally preserved as dismembered blocks and slices within the Mersin Melange (Parlak, 1996; Parlak, Delaloye & Bingöl, 1995) .
The Mersin Melange is structurally overlain by the Mersin Ophiolite, with a locally preserved metamorphic sole. Each of the units of a complete ophiolite (c. 6 km thick) are present within the Mersin Ophiolite with the exception of a sheeted dyke complex. The ophiolite is well exposed in several deep valleys dissecting the Miocene Adana Basin (Fig. 2) , whereas the metamorphic sole is only well exposed in a few small areas (Parlak, 1996; Parlak, Delaloye & Bingöl, 1996 , 1997 .
Nomenclature
Melange is defined as blocks of heterogeneous lithologies set in an incompetent matrix (see Raymond, 1984) , regardless of whether the melange is of sedimentary or tectonic origin, or both. Broken formation (AGI, 1961) comprises strongly deformed units in which some stratal coherence can still be recognized by mapping. Although given the regional name, Mersin Melange (Parlak, 1996) , not all of the exposure conforms to melange, as defined above. Exposures of broken formation are also present in which locally coherent stratigraphic successions from tens to hundreds of metres thick are present.
Structure of the melange
The melange blocks and broken formation mainly strike NE-SW and dip southwards at moderate to rarely steep angles (Figs 4, 5a, b) . This regional attitude was attained prior to covering by Early Tertiary shallow-marine carbonates (Avşar, 1992) . The melange blocks typically range from tens of metres to several hundred metres in size, with competent limestone being the most prominent lithology. limestone blocks are internally faulted and slickensided around the margins. Areas of broken formation are dominated by elongate internally disrupted thrust sheets. These are mainly limestones that range from hundreds of metres to several kilometres long. Internal deformation is restricted to common faulting and minor folding. Several areas (e.g. near Sorgun and Tepeköy; Fig. 2 ) were mapped as coherent bodies of Late Palaeozoic-Mesozoic, mainly carbonate rocks (Pampal, 1984 (Pampal, , 1987 . However, our observations show that most exposures comprise numerous smaller sheets and blocks, commonly separated by a poorly exposed melange matrix. In some areas, lithologically similar units are structurally repeated several times with a soft, fine-grained shaly matrix in between.
In a few places (e.g. Boyunyurt Tepe, near Gavuruçtuǧu, Fig. 4 ), limestone broken formation is folded, with rare medium-to large-scale, inclined to isoclinal folds. Such folds typically verge northwards. On the other hand, where (very rarely) sedimentary way-up evidence could be observed in fold limbs (that is, grading and small-scale cross-bedding), several folds were inferred to face southwards (e.g. southeast of Büyük Sorgun). More commonly, folds show no preferred vergence (Fig. 5c) .
We observed additional evidence of northward displacement near the contact between the ophiolite and the underlying melange (by the bridge on the Büyük Sorgun road, near Poyrazlı; Fig. 4 ). This melange dips at c. 45
• southwards beneath the serpentinized mantle rocks of the Mersin Ophiolite. Near the contact, the ophiolite tectonites exhibit north-verging C-S fabrics. Further north towards Büyük Sorgun (Fig. 4) , basaltred chert-shale alternations exhibit small north-verging folds and duplex structures. Further south, opposite Ç erçili (Fig. 2) , radiolarite intercalations beneath the ophiolite are deformed into medium-scale northverging isoclinal folds with sheared limbs. On the opposite (western) side of the river, similar lithologies contain numerous north-verging, inclined to isoclinal folds.
The southward regional dip and predominantly northward fold and thrust vergence, as confirmed during this study, were previously taken to indicate that the melange was emplaced from south to north, that is, from a southerly Neotethyan basin. This interpretation was mainly based on structural evidence from the metamorphic sole of the ophiolite (Parlak, Bozkurt & Delaloye, 1996) . However, this hypothesis needs to be re-evaluated in terms of the stratigraphy and palaeoenvironments represented by the melange and broken formation and the regional tectonic context. In addition, new structural evidence from the metamorphic sole, leading to a revised interpretation, is presented in Section 9.
Lithological associations
When lithological associations rather than individual blocks or dismembered thrust sheets are mapped (Hall, 1980) , four distinctive assemblages are recognized ( (1) shallow-water carbonate association; (2) volcanogenic-terrigenous-pelagic association; (3) basalt-radiolarite-pelagic limestone association; (4) ophiolite-derived association.
Melange and broken formation of the shallow-water carbonate association (1) form hills rising several hundred metres above the general melange altitude (up to c. 1900 m). Although mapped as an over-riding thrust sheet by Pampal (1984 Pampal ( , 1987 , this unit dips regionally southwards and is interleaved with the matrix and other lithological associations of the melange. The volcanogenic-terrigenous-pelagic association (2), particularly its stratigraphically lower part, is well exposed in the south and dips beneath the Mersin Ophiolite. Similar lithologies also commonly occur as blocks throughout the melange. The basalt-radiolaritepelagic limestone association (3) an aggregate thickness of up to several hundred metres. The largest exposures of the ophiolite-derived association (4) are in the south, directly beneath the Mersin Ophiolite. This unit also occurs as elongate thin units throughout the melange, commonly as softweathering material.
5.a. Shallow-water carbonate association
Relatively intact successions of Late Palaeozoic and Mesozoic age are recognized within broken formation, especially near Büyük Sorgun in the west and near Tepeköy, further east (Figs 2, 3 ). An overall Late Permian-Late Cretaceous shallow-water carbonate succession (Fig. 6 , no. 1) is reconstructed, as follows:
Several exposures of broken formation form NE-SW-trending ridges (> 5 km long and up to 2 km wide; Fig. 5a ) north of Büyük Sorgun (Fig. 4) . The lower part of the succession, exposed several kilometres WSW of Büyük Sorgun, is dominated by well-bedded, dark calcarenite, passing upwards into thick-bedded to massive grey limestone (collectively termed the Göktepe Limestone by Pampal (1987, pp. 146-7) . The dark, lower limestones yielded a fauna dominated by benthic foraminifera: Baresella sp., Tetrataxis sp., Fusulinella sp., Agathammina sp., Pseudofusulina sp., Girvanella sp., Yangcheina sp., Parafusulina sp., Afghanella sp., Paleotextularia sp., together with Schubertellidae, Schwageriniae and Neoschwageriniae. These microfossils are indicative of a Late Permian age. Limestones higher in the succession (included within the Göktepe Limestone) yielded Involutina sp., Agathamina sp., Frondicularia woodwardii, Pseudoyclammina sp., Triasina sp., Trocholina sp., Opthalmidium sp. and Trochammina sp., of non-specific Triassic to Early Cretaceous age (Pampal, 1984, p. 150) . Traced northeastwards, the limestone exposure thins and is mapped as exclusively Mesozoic limestone to the north of Büyük Sorgun village. Where examined near the road south of the village, white micritic limestone, with replacement chert, is interbedded with grey calcarenite. White Figure 6 . Generalized logs of the main lithological units exposed in the Bolkar Daǧ (Northern and Southern units) and the Mersin Melange. The columns 1-3 are for the Mersin Melange, as follows: (1) shallow-water carbonate association; (2) volcanic-terrigenouspelagic association; (3) basalt radiolarite-pelagic limestone association.
biomicrite containing coral and microbial carbonate is also exposed. In this area, large limestone blocks and broken formation are enveloped in sheared green tuff and silicic lava.
Elsewhere in the Büyük Sorgun area another dismembered sheet begins with dolomitic limestone (again attributed to the Göktepe Limestone). This contains a similar fauna, of inferred Permo-Triassic age. The succession passes into limestones that contain Kurnibia sp., Lituosepta sp., Pseudolituonella sp. and Nautiloculina sp., of inferred Triassic to Early Cretaceous age. Overlying thin-to medium-bedded limestones and grey massive limestone (assigned to the Kevençukuru Limestone by Pampal, 1987) include Everthyclammina sp., Litoulidae and algae, of inferred Early Cretaceous (Berriasian) age.
In a second area, broadly along-strike about 14 km to the northeast, several kilometres south of Tepeköy (Fig. 2) , Late Palaeozoic-Mesozoic carbonate rocks were mapped as several large sheets of neritic limestone, up to several kilometres long (Pampal, 1984) . These contain Involutina sp., Opthalmilina sp., Meandrospira sp., Glomospirelia sp., Fondicularia sp. and Duotaxis sp., indicative of a Late Triassic age.
Approximately 10 km north of Tepeköy, a zone of E-W-trending broken formation and blocks (near Arslanköy; Fig. 2 ) is dominated by neritic carbonates of Jurassic-Cretaceous age. Pampal (1984) Poisson, 1977; Özgül, 1984; Fig. 6 ).
5.b. Volcanogenic-terrigenous-pelagic association
This lithological association comprises (1) a stratigraphically lower volcanogenic-terrigenous-limestone succession (Fig. 6 , no. 2.1) and (2) a stratigraphically higher redeposited carbonate-radiolarite-pelagic carbonate succession (Fig. 6, no. 2.2 ). The first of these is dominated by disrupted, incompetent lithologies (e.g. shale; Fig. 8a ). Some stratigraphic continuity can be seen, for example, in deep valleys northeast of Büyük Sorgun. This unit is considered as broken formation, since exotic rocks (e.g. ophiolite) or melange matrix (e.g. Upper Cretaceous debris flows) are absent. However, an unbroken succession cannot be determined. By contrast, the overlying redeposited carbonate-radiolarite-pelagic carbonate succession generally forms hilly regions dominated by relatively competent limestone broken formation in which intact successions can be measured.
(1) Volcanogenic-terrigenous-limestone succession. This lower unit is well exposed directly beneath the ophiolite (e.g. southeast of Büyük Sorgun and near Tavusçayırı Tepe; Fig. 4 ). Lithologies comprise silicic tuff, volcaniclastic siltstone-sandstone, quartzosemicaceous siltstone-sandstone (commonly plant-rich) and rare conglomerate, together with pelagic limestone (locally siliceous). Parlak, 1996) .
At one locality, 3 km southeast of Büyük Sorgun (Kozan deresi; Fig. 4 ), the main lithologies are purple brown siltstones, fine-grained sandstone and massive sandstone, in beds up to several metres thick. Sand grains are well rounded and some facies are pebbly. Very coarse quartzose sandstone packed with wellrounded, white quartzitic clasts (up to 10 cm in size) are locally present. Medium-grained sandstones (protoquartzite) contain quite well-rounded quartz grains, quartzite lithoclasts, muscovite, plagioclase (rare) and bioclasts, especially echinoderm plates, cemented by calcite spar. There are also green, thin-bedded chert and rare dark shale with occasional carbonate concretions. Also present are red ribbon radiolarites, red shales and limestone intercalations containing lenses of white chert, of replacement origin. Similar lithologies are also exposed 3 km south of Büyük Sorgun (near Poyrazlı; Fig. 4 ), Thick-bedded, medium-grained quartzose sandstones (c. 30 m thick), again with quite wellrounded grains, are intersheared with thick-bedded calcarenite and sheared radiolarite at this locality.
Elsewhere, highly disrupted lithologies in a wellexposed stream-cutting at Keven deresi (Fig. 4) Parlak, 1996) . These limestones contain concretions and lenses of grey to black replacement chert. The succession becomes more siliceous upwards and passes into redeposited limestone with abundant bedded chert of replacement origin (see Price, 1977 , for definition of chert types). There are also prominent intercalations of matrix-supported debris flows and intervals affected by slump folding. The succession ends with chaotic debris-flow deposits containing lithologies exposed in the underlying succession. Similar limestone debris flows and chert-clast-rich breccias are commonly associated with Late Triassic limestone throughout the area (Fig. 8b, d) .
Elsewhere, near Tavusçayırı (Fig. 4) several sheets of pelagic limestone, dated as Late Triassic in age by MTA palaeontologists (in Parlak, 1996) , are separated by green tuffaceous sediment, up to 20 m thick. The lower of these units begins with c. 60 m of grey pelagic limestone and passes upwards into pink limestone with beds of red replacement chert near the top (Fig. 7, no. 2). This is overlain by c. 1 m of pink pelagic Ammonitico Rosso, packed with ammonites and other fossils (Fig. 8c) .
Several kilometres along strike to the northwest, near Boyunyurt Tepe, a lithologically similar, but unusually steeply dipping, succession begins with c. an intact succession begins with c. 20 m of white, wellbedded, redeposited limestone with replacement chert. Above this, there is evidence of penecontemporaneous extension, creating irregular sheet-cracks into which red micrite has filtered. The succession continues with pink pelagic limestone, reddish nodular rubbly limestone (with abundant replacement chert) and limestone breccia, with clasts up to 1 m in diameter. This is followed by a c. 1 m thick layer of calcareous sandstone with reworked carbonate grains, partly replaced by silica. There is then a prominent interval of red ribbon radiolarite, several tens of metres thick, of inferred Late Jurassic-Early Cretaceous age, followed by c. 45 m of pink to white pelagic limestone with sparse planktic foraminifera and lenses of replacement chert in the lower part. Pampal (1987) reported Upper Cretaceous planktonic foraminifera from similar thinbedded pink limestones within the melange. Several large limestone blocks in the melange (e.g. near Tavusçayırı; Fig. 4 Parlak, 1996) passes upwards into c. 10 m of limestone conglomerate and limestone breccia, implying gravity collapse. Neptunian sheet-cracks within these limestone breccias are infilled with pink micritic limestone.
Variable-sized blocks of limestone are scattered through the melange. For example, an isolated large block (in the Keven deresi area; Fig. 4 ) is dominated by angular to sub-angular clasts (up to 30 cm in size) of dark, fine-grained limestone containing reworked bioclastic material. Another block in the vicinity (40 m × 10 m) is composed of dark-coloured medium-to thickbedded calciturbidites (in beds up to 1 m thick).
5.b.1. Interpretation: rift and subsiding deep-water passive margin
The lower part of the volcanogenic-terrigenouspelagic association, of Late Triassic (Carnian-Norian) age, is interpreted as a deep-marine rift, infilled with a mixture of terrigenous, carbonate and volcanogenic material. The siliciclastic sediments were mainly deposited by turbidity currents and to a lesser extent by mass-flow processes. The source area included a metamorphic terrain, possibly now located beneath the Tauride Carbonate Platform. Mainly siliciccomposition volcanic flows were locally erupted within the rift, coupled with an influx of large volumes of volcaniclastic sandstone turbidites and silicic airfall tuff. Minor carbonate was redeposited from an adjacent shallow-water carbonate setting, presumably the Tauride Carbonate Platform. A relatively deep, open marine, setting is indicated by the presence of green radiolarian chert (mixed with tuff). Volcanism culminated with the accumulation of green tuffaceous deposits.
The rift basin was then covered by siliceous pelagic carbonate, in which chert formed diagenetically. The deep-water carbonates include calciturbidites, indicative of a slope setting. Increasing slope instability, probably related to continental break-up, culminated in large-scale slumping and mass flow-deposition. These disturbances mainly took place during Late Triassic time, associated with submergence of marginal carbonate platform units. Ammonitico Rosso accumulated locally on relatively stable submerged platforms (of latest Triassic age; G. Stampfli, pers. comm. 2004), whereas siliceous carbonate oozes and calciturbidites predominated in basinal areas. Radiolarian sediments accumulated widely in a relatively stable welloxygenated deep-sea setting during Late Jurassic-Early Cretaceous time, when similar radiolarian sediments accumulated throughout the Eastern Mediterranean Tethyan region (De Wever, 1989) . The probable control was high plankton productivity related to nutrient upwelling (Jenkyns & Winterer, 1982) . Finally, the seafloor was blanketed with pelagic carbonate in Late Cretaceous time, prior to formation of the Mersin Melange.
5.c. Basalt-radiolarite-pelagic limestone association
In the southwest, the Mersin Ophiolite is directly underlain by intercalations of sheared basalt, radiolarite (Ç erçili Radiolarite of Pampal, 1987) and hemipelagic limestone, with an aggregate thickness of up to several hundred metres (Fig. 6, no. 3) . On the eastern slopes of the Büyük Sorgun river gorge, opposite Ç erçili (Fig. 2) , three radiolarite intercalations are present. It is unclear if these are stratigraphic or tectonic intercalations. Along a small road up the opposing (western) side of the stream valley, above Ç erçili, radiolarites and red shales are interbedded with massive lava flows, pillow lava and lava breccia, in units up to 8 m thick. There are also pink pelagic limestones with lenses of red chert, formed by diagenetic replacement of carbonate. Occasional lenses of black pyrolusite, each up to tens of centimetres thick, are also present, together with widespread disseminated manganese oxide. Similar lithologies crop out elsewhere, especially in the southern part of the melange, for example, south of Büyük Sorgun, where massive basalt, red ribbon radiolarite and thin-bedded grey pelagic limestone are exposed along the road. Small exposures of similar lithological assemblages are seen within the melange. For example, sheared lozenges of red/purple sheared shale (e.g. exposed in Keven deresi; Fig. 4 ) include sub-rounded clasts of pelagic carbonate rock, basalt and chert.
5.c.1. Interpretation: within-plate oceanic basalts and pelagic sediments
The basalts are interpreted as small extrusive mounds formed on oceanic crust; these topographic highs were preferentially accreted into the melange, whereas underlying oceanic crust was subducted. These extrusives may be coeval with the Upper JurassicLower Cretaceous cherts elsewhere in the melange, or with the Upper Cretaceous pelagic carbonates of the redeposited carbonate-radiolarite-pelagic carbonate succession, discussed in Section 5.b. Pampal (1987) reported the presence of Hedbergella sp. and Ticinella sp., of Late Cretaceous age, from pelagic limestones in the type area of the volcanic rocks, near Ç erçili. A Late Cretaceous age for these radiolarites is presently inferred but needs to be confirmed with additional biostratigraphic studies in future. Eruption of the basalts was followed by accretion into the melange below the over-riding ophiolite. Similar volcanic rocks, also associated with manganese-oxide deposits of hydrothermal origin, were, for example, reported from an emplaced accretionary prism related to the sutured Pindos ocean in the northwest Peloponnese, Greece (Robertson & Degnan, 1998) . Chemical data for the basalts will be presented in Section 7.
5.d. Ophiolite-derived association
Some areas of the Mersin Melange are dominantly ophiolitic. Lithologies include sheared, serpentinized harzburgite, layered and isotropic gabbro and altered basalt. There are also occasional dismembered thrust sheets and blocks of metamorphic rocks, including amphibolite, amphibolitic schist, quartz-mica schist, calcschist and marble, correlated with the metamorphic sole of the Mersin Ophiolite. For example, large blocks and slices of ophiolitic units are present in a NE-SW-trending area, between Asarkaya and Tavusçayırı (Fig. 4) . NE-SW-trending, ophiolite-derived broken formation, near Tavusçayırı, comprises ophiolitic basalt, sheared cumulate gabbro and includes one or several blocks of sheared granite (c. 10 m in size), set within serpentinized harzburgite. Elsewhere, in Keven deresi (Fig. 4) , the melange is cut by a disrupted thrust sheet of sheared serpentinite, which includes a block of massive ophiolitic gabbro (7 m × 5 m) and disrupted amphibolite (c. 300 m long × 25 m wide).
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5.d.1. Interpretation: emplaced oceanic crust and metamorphic sole
The dismembered ophiolitic rocks in the melange are correlated with parts of the Mersin Ophiolite and its metamorphic sole. They were possibly detached from the leading edge of the over-riding ophiolite thrust sheet and imbricated into the underlying melange. Competent lithologies (e.g. amphibolite and gabbro) commonly form inclusions within sheared serpentine. In places, ophiolitic material was exposed on the seafloor and reworked as debris flows. For example, serpentinitic debris flow deposits include scattered clasts of red radiolarian chert and basalt, up to several metres in size (e.g. at Keven deresi; Fig. 4 ).
Matrix of the Mersin Melange
Two types of melange matrix are present in different parts of the melange, of both sedimentary and tectonic origin.
6.a. Sedimentary matrix
The sedimentary matrix is mainly debris flows and high-density lithoclastic turbidites, interbedded with hemipelagic carbonates (Fig. 6 ). These lithologies occur at specific horizons in the melange, commonly as deformed units, up to tens of metres thick. Polymict debris-flow deposits exposed at Keven deresi (Fig. 4) include pebbles, cobble and boulders (average 15 cm size) of medium-grained sandstone turbidites (locally with flute casts), conglomerate (with wellrounded clasts preserved), lava and radiolarite. Some of the radiolarite is recrystallized to red jasper. The margins of some of the limestone blocks are slickensided.
Elsewhere, the sedimentary matrix includes thinbedded volcanogenic sandstones, weakly size-graded conglomerates, dark shales, radiolarites, radiolarian mudstones and siliceous pelagic limestones (Başpınar Formation of Pampal, 1987; e.g (Pampal, 1987) . Pampal (1984) also reports that the melange matrix at Tepeköy (Fig. 2) contains the planktonic foraminifera Globotruncana sp., and Globerigerina sp., of Late Cretaceous-Paleocene age, together with benthic foraminifera Textularia sp., Rotaliidae, Miliolidea and Lagenidae) and Radiolaria.
6.b. Tectonic matrix
In some parts of the melange a sedimentary matrix is absent and the matrix is instead dominated by blocks (typically up to metre-sized) that are correlated with each of the four mappable lithological associations discussed above. Within individual areas the blocks can often be related to a single lithological association, as indicated by study of thin sections of blocks from Keven deresi (Fig. 4) . A block of redeposited limestone there includes Halobia shell fragments, other bivalves, micritic grains and intraclasts of radiolarian micrite, and can be correlated with more intact Late Triassic successions elswhere in the melange. Bioclastic limestone blocks contain shell fragments, benthic foraminifera, microbial carbonate, pisoliths and micritic intraclasts. Another block includes shell fragments, echinoderm plates, thin-walled bivalves, iron-oxide-rich pellets, polyzoan fragments and small geopetals. These blocks correlate with Late Triassicaged redeposited limestones forming more intact successions within the melange. In addition, common blocks of red fine-grained limestones originated as radiolarite within a calcareous and ferruginous matrix. All of the above blocks can be correlated with the redeposited carbonate-radiolarite-pelagic carbonate lithological association, described earlier. Similarly, in other areas of the melange the matrix can be correlated with one or another of the four lithological associations without any exotic material in these areas.
6.b.1. Interpretation: tectonic-sedimentary origin
The sedimentary matrix accumulated as debris-flow deposits, sandstone turbidites and hemipelagic mudstones in a deep-marine setting, probably a subduction trench, or 'fore-arc basin' within an accretionary prism. The original lithological successions were tectonically fragmented forming clasts, which were then resedimented into the deep-sea sediments as polymict debris-flow units and detached blocks. These sedimentary units were later incorporated into the melange as deformed thrust slices, forming parts of the matrix. Elsewhere, the former lithological successions were pervasively sheared to form blocks, but without undergoing resedimentation. The fine-grained matrix between these blocks is tectonic in origin. The melange matrix as a whole, therefore, formed by a combination of tectonic and sedimentary processes during latest Cretaceous time.
Basic extrusive igneous rocks 7.a. Petrography
Pillowed and massive volcanic rocks of the Mersin Melange range from basalt to andesite. The basalts display aphanitic, microlitic to microlitic porphyric 
7.b. Geochemistry
A total of 41 samples of volcanic rocks were analysed for major and trace elements by X-ray fluorescence (XRF) ( Table 1 ). The samples were collected from the basalt-radiolarite-pelagic limestone lithological association beneath the Mersin Ophiolite in the northern part of the melange (near Tavusçayırı). Majorelement contents were determined on glass beads fused from ignited powders to which Li 2 B 4 O 7 was added (1:5) to a gold-platinum crucible at 1150 • C. Trace element contents were measured by XRF on pressedpowder pellets. Rare Earth Element (REE) analysis was (Voldet, 1993 ; Table 2 ). The extrusive rocks of the Mersin Melange are represented by two different lava units (Fig. 9) based on their Zr/Ti ratios and silica (SiO 2 ) contents (after Floyd & Winchester, 1978) is classified as basalt ( Fig. 9 ; Table 1 ). The second group is characterized by SiO 2 ratios of 51.95-60.58 % and Zr/Ti ratios of 0.008-0.019, and is classified as andesite. The ratios of some of the incompatible trace elements, such as Nb/Y (0.05-0.17), Zr/Y (2.91-4.05) and V/Ti (0.04-0.06), are higher in the basalts compared to andesites (Table 1) .
The volcanic rocks are strongly altered, mainly due to ocean-floor hydrothermal activity, which has resulted in the loss or gain of some major and trace elements (Irvine & Baragar, 1971; Humphris & Thompson, 1978) . Incompatible trace elements (e.g. Zr, Nb, Y, Ti and REE) are believed to be relatively immobile during alteration and low-grade hydrothermal metamorphism (Hart, 1970; Thompson, 1973; Pearce & Cann, 1973; Humphris & Thompson, 1978) , and these elements can be used to characterize the petrological affinities and tectonic environments of eruption (Pearce & Cann, 1973; Floyd & Winchester, 1975; Pearce & Norry, 1979) .
The Mersin Melange volcanic rocks exhibit: (1) low abundance of incompatible elements (e.g. Zr = 67-137 ppm, Nb = 1-7 ppm); (2) low Nb/Y ratios (0.023-0.172); (3) a wide range of Cr (1-471 ppm) and Ni (1-149 ppm) contents; (4) flat normalized REE patterns. These characteristics suggest that the volcanic rocks were derived from a depleted magma of tholeiitic character (Winchester & Floyd, 1977) (Table 1) .
'Spider' plots ( Fig. 10 ) of the basalts and andesites, when normalized against normal Mid-Ocean Ridge Basalt (N-MORB) exhibit: (1) nearly flat-lying patterns, except for Large Ion Lithophile (LIL) element enrichment (e.g. Rb, Ba, Th); (2) a marked negative Nb anomaly. Within the LIL element group, Th is relatively immobile and its enrichment relative to other incompatible elements is taken to represent the subduction zone component (Wood, Joron & Treuil, 1979; Pearce, 1982) . High field strength elements (HFSE), notably Ta and Nb, are retained in the subducted slab (Perfit et al. 1980; Pearce, 1982; Arculus & Powel, 1986; Yogodzinski et al. 1993; Wallin & Metcalf, 1998) , and thus a negative Nb (also Ta; not analysed) anomaly is an indication of the nature of the parental magma rather than an artefact of crystallization processes. The negative Nb anomaly (and positive Th anomaly) in the volcanic rocks analysed are interpreted to indicate a supra-subduction zone tectonic environment of eruption.
Chondrite-normalized REE patterns of the volcanic rocks within the Mersin Melange are shown in Figure 11 . Total REE contents of the volcanic rocks range from 10 to 28 times chondritic values. The andesitic rocks mainly exhibit flat REE patterns ([La/Yb]N = 1.08-1.28), whereas the basaltic rocks display slightly enriched to flat REE patterns ([La/Yb]N = 1.20-2.57). These flat REE patterns are typically found in island-arc tholeiitic series (e.g. in Papua New Guinea, the Solomon Islands and Macquarie Island: Jakes & Gill, 1970) , and also in supra-subduction zone-type ophiolites in Turkey, including the Mersin ophiolite (Parlak, Delaloye & Bingöl, 1997) , the Pozantı-Karsantı ophiolite (Parlak, 2000; Parlak, Ç elik & Delaloye, 2001; Parlak, Höck & Delaloye, 2000 , 2002 and the Sarikaraman (Yaliniz, Floyd & Göncüoǧlu, 1996) .
The Ti/Y versus Nb/Y diagram separates withinplate basalt (WPB) from mid-ocean ridge basalt (MORB) and volcanic arc basalt (VAB) (Pearce, 1982) . The analysed volcanic rocks plot in the overlapping fields of VAB and MORB (Fig. 12a) . In a Zr-Nb-Y tectonomagmatic discrimination diagram (Meschede, 1986) , both the basalts and andesites plot in the overlapping fields of N-MORB and VAB (Fig. 12b) . The subophiolitic metamorphic rocks of the Mersin Ophiolite are also shown in both diagrams, for comparison. The metabasic rocks of the metamorphic sole, dated as Late Jurassic-Early Cretaceous in age from study of associated radiolarites, exhibit a WPB affinity in contrast to the unmetamorphosed volcanic rocks from the structurally underlying Mersin Melange. The protolith of the metamorphic sole rocks in the Mersin Ophiolite are inferred to represent seamounttype volcanic rocks of Late Jurassic-Early Cretaceous age (Parlak, Delaloye & Bingöl, 1995 , 1997 Fig. 2) . By contrast, the unmetamorphosed volcanic rocks of the melange are interpreted as forming by spreading above a subduction zone. They might have been accreted into the melange from the leading edge of the suprasubduction zone-type Mersin Ophiolite.
Granitic blocks within the melange 8.a. Field relations and petrography
Granitic rocks occur locally, south of Tavusçayırı Tepe (Fig. 4) , as blocks and lenses within serpentinized harzburgite, gabbro and highly altered basaltic rocks (Fig. 4) . The largest body, a few tens of metres across, is aligned along a NE-SW-trending tectonic lineament. Lithologies are generally meta-granite and meta-microgranite and show granular, microgranular and poikilitic textures. These rocks are characterized by anhedral quartz (35-45 %), alkali feldspar (35 %), plagioclase (10 %) and muscovite (10 %), with minor amounts of biotite (1-5 %) and garnet (1-5 %). Kaolinization, sericitization and chloritization are extensively developed.
The main granitic body was strongly deformed during incorporation into the melange. The granitic rocks were metamorphosed to garnet-mica schist. Microprobe analysis (Table 3) shows that the garnets are dominated by an almandine (> 80 %) end-member and have average core and rim compositions of Al78, Py7, Sp10, And5 and Al82, Py7, Sp7, And4, respectively. Miller & Stoddard (1981) pointed out that most garnets in granitic rocks are rich in Mn relative to Fe-Mg and contain a spessartine component exceeding 10 mol. %. The garnets in our samples have a spessartine component ranging from 4-12 mol. % and are, therefore, likely to be of metamorphic origin. Almandines formed during regional metamorphism commonly show a zoning marked by Mn-rich cores and Fe-rich margins (Deer, Howie & Zussman, 1992) , as seen in this case (Table 3) .
8.b. Geochemistry and origin
Major and trace element analysis was carried out on 12 granite samples using the XRF method (specified earlier) for the volcanic rocks. In addition, two granite samples were analysed for REE concentrations by ICP-AES (Voldet, 1993) .
Major, trace and REE analyses of granitic rocks are given in Geochemical evidence for the tectonic setting of the granitic rocks relies on major-trace element discrimination diagrams (Pearce, Harris & Tindle, 1984; Harris, Pearce & Tindle, 1986) . The granitic rocks studied plot in the subalkali granite field based on the SiO 2 versus Na 2 O + K 2 O plot of Cox, Bell & Pankhurst (1979) (Fig. 13a) ; they show a calc-alkaline affinity in the AFM diagram of Irvine & Baragar (1971) (Fig. 13b) . Granitic rocks showing a calc-alkaline tendency are widely interpreted as the products of volcanic arc magmatism (Peacock, 1931; Shand, 1951) . In the tectonic discrimination diagrams based on immobile trace elements, the granitic rocks in the ophiolitic melange plot on the Volcanic Arc Granite-Syncollisional Granite field (VAG-SynCOLG) in the Nb-Y ternary diagram (Pearce, Harris & Tindle, 1984;  Fig. 14a ). The granitic rocks plot in the Volcanic Arc Granite field (VAG) using the Rb versus Y + Nb diagram (Pearce, Harris & Tindle, 1984;  Fig. 14b ) and on the Rb/Zr versus SiO 2 plot (Harris, Pearce & Tindle, 1986; Fig. 14c ). The REE pattern is shown in Figure 15a . The granites exhibit high LREE/HREE ratios and moderate REE contents ranging from 60 to 85 ppm. Eu/Sm ratios are between 0.26 and 0.34 and weak Eu anomalies are present. The overall REE abundances may indicate little or no residual plagioclase in the source (Cullers & Graf, 1984) . The REE pattern of the granitic rocks is suggestive of VAG origin. Oceanridge granite (ORG)-normalized trace element patterns of the granitic rocks show LIL (K 2 O, Rb, Ba) and Ce and Sm enrichment relative to Nb, Zr, Y. Large ion lithophile (LIL) elements are 2 or 20 times higher than the ORG (ocean ridge granite), whereas HFS elements are less than ORG. These patterns resemble the trace element patterns commonly seen in volcanic arc granites (Pearce, Harris & Tindle, 1984 ; Fig. 15b ).
8.c. Geochronology
Five muscovite separates were used for K-Ar analysis of granite in order to shed light on the time of intrusion. The K content of each sample was measured by Atomic Absortion Spectrometry. Ar was extracted by total sample fusion into a pyrex line fitted with high vacuum metal valves. The resultant gas was mixed with a 38 Ar spike to apply the isotopic dilution technique. Contaminating gases were separated with titanium traps and liquid nitrogen. Measurements were done in static mode with an AEI MS-10S spectrometer fitted with a permanent magnet of 4.1 kG and connected to a computer for processing data. Samples were degassed at about 100
• C for several hours before the analysis to reduce atmospheric contamination. Analytical precision is near 0.5 %. The constants of Steiger & Jäger (1977) were used to calculate an age.
The calculated cooling ages (Table 5 ) range widely from 332.6 ± 6.5 Ma (Early Carboniferous) to 390.8 ± 7.5 Ma (Early-Mid-Devonian). The overall isochron age is 375.7 ± 10.5 Ma (Late Devonian). Assuming the meta-granite represents a co-magmatic/ cogenetic group, it is possible that the disparate calculated ages resulted from metamorphism of magmatic muscovite.
8.d. Interpretation: significance of Devonian granite
We think it likely that the meta-granite represents a fragment of Palaeozoic 'basement rocks', which (Göncüoǧlu & Kozlu, 2000) .
Alternatively, the palaeotectonic maps of Stampfli et al. (2001) suggest that the granites might have formed along the southern margin of Eurasia in response to northward subduction. They were later emplaced onto the southerly (Gondwana) margin in response to closure of an intervening Tethyan ocean by latest Triassic time. Once emplaced onto the southerly (Gondwana) margin, the granites became part of the Tauride microcontinent and were finally emplaced as part of the Mersin Melange in latest Cretaceous time. However, it is difficult to reconcile this scenario (that is, an Eurasian margin origin of the meta-granite) with the inferred tectonic history of the northern margin of the Tauride Carbonate Platform, which is interpreted in terms of Triassic rifting (Monod, 1977; Özgül, 1984 , 1997 Andrew & Robertson, 2002) rather than closure and collision. The geochemical data (Fig. 13a) suggest that the meta-granites are likely to be subduction related. However, in the absence of more diagnostic isotopic data, it is also possible that the subduction signature was inherited from one or more older pre-existing subduction events in the area. For example, Panafrican granites are known to occur within the Menderes Massif further west (e.g. Kröner & Ş engör, 1990) . Such rocks could have influenced the geochemical signature of any younger magmatic rocks in the area.
Structure of the metamorphic sole
The structure of the metamorphic sole of the Mersin Ophiolite is relevant here as it was reported to provide kinematic evidence for northward emplacement of the ophiolite in latest Cretaceous time (Parlak, Bozkurt & Delaloye, 1996) .
The ophiolitic sole is exposed at only a few localities beneath the ophiolite (Parlak, Delaloye & Bingöl, 1995; Parlak, Bozkurt & Delaloye, 1996; Fig. 2) . The main lithology of the metamorphic sole is amphibolite, with subordinate greenschist, marble and meta-chert. These metamorphic rocks are located between the harzburgite tectonites of the ophiolite and the melange below. The metamorphic sole exhibits a classic inverted metamorphic gradient, from amphibolite facies metamorphic rocks, downward into greenschist facies rocks and then into unmetamorphosed melange. Geochemical studies show that the protoliths of the meta-igneous rocks are basalts of within-plate type (WPB) and were interpreted as emplaced remnants of oceanic seamounts (Parlak, Delaloye & Bingöl, 1995) . The protoliths are envisaged as being accreted to the base of the still-hot ophiolite, related to intraoceanic detachment and subduction (Parlak, Bozkurt & Delaloye, 1996) .
The metamorphic sole is cut by unmetamorphosed diabase/micrograbbro dykes that display an islandarc tholeiite (IAT) character . These dykes may relate to the initial stages of oceanic arc-type magmatism and were intruded prior to emplacement of the ophiolite and melange onto the Tauride Carbonate Platform.
40 Ar dating of hornblende separates from the metamorphic sole yielded an age of 92.6 ± 0.2 Ma, interpreted as the time of initial detachment of oceanic crust during closure of Neotethys (Parlak & Delaloye, 1999) .
During this study, we focused on trying to obtain kinematic evidence for the early stages of emplacement of the metamorphic sole (prior to diabase dyke intrusion) while still in an oceanic setting. We measured the orientations of a well-developed stretching lineation within amphibolites at three main localities (Fig. 16a-c) . Other aspects of the structure of these localities were previously described by Parlak, Bozkurt & Delaloye (1996) . Taken together, the trend of the early ductile stretching lineation varies from NE-SW to SE-NW and plunges mainly at moderate angles. The average trend is nearly E-W. The stretching lineation is associated with the formation of early ductile, high-temperature-type folds. The axial planes of these ductile folds generally parallel the stretching lineation. Locally, the folds verge mainly northwards, which was previously taken to indicate a northward tectonic transport direction (Parlak, Bozkurt & Delaloye, 1996) . However, fold vergence is not a reliable indicator of tectonic transport direction under high-temperature ductile conditions (under which transport lineations parallel fold axial planes). On the other hand, the later stages of brittle deformation affecting the metamorphic sole, the base of the ophiolite and the post-metamorphic diabase dykes are mainly northward directed, in agreement with Parlak, Bozkurt & Delaloye (1996) .
We conclude that that the ophiolite and sole underwent generally E-W or W-E tectonic transport with respect to present geographic coordinates. However, these coordinates could have changed as a result of intra-oceanic rotation about a high angle (e.g. Morris et al. 2002) . The metamorphic sole, therefore, provides no direct evidence for the initial direction of the movement of the ophiolite while still in an oceanic setting.
Restoration of the Mersin Melange
The four lithological associations recognized within the Mersin Melange (Fig. 6) are (1) the Upper Permian-Upper Cretaceous shallow-water carbonate association; (2) the Upper Triassic-Upper Cretaceous volcanic-terrigenous-pelagic association; (3) the Upper Jurassic-Upper Cretaceous basalt-radiolarite pelagic limestone association and (4) the Upper Cretaceous ophiolite-derived association. Each of these lithological associations varies from broken formation to melange and is associated with a matrix of both sedimentary and tectonic origin. The shallow-water carbonate association (1) is interpreted as a rifted carbonate platform that finally underwent submergence in Late Cretaceous time. The volcanic-terrigenous-pelagic association (2) is presents a volcanically active Triassic rift, overlain by Upper Triassic-Upper Cretaceous pelagic sediments, including a Late Jurassic-Early Cretaceous siliceous interval. The basalt-chert-pelagic limestone association (3) comprises oceanic basalts of supra-subduction zone-type chemical affinities, associated with siliceous (radiolarian) and calcareous pelagic sediments. Where present, the sedimentary melange matrix records gravity reworking in a deep-marine basinal setting, contemporaneous with melange emplacement during Late Cretaceous time.
An obvious restoration is to order lithological associations 1-4 from proximal carbonate platform, to rifted margin, to oceanic. The over-riding Mersin Ophiolite is inferred to have formed in a supra-subduction zone setting (Parlak, Delaloye & Bingöl, 1996 , 1997 . The Late Triassic intervals of the carbonate-radiolaritepelagic carbonate succession vary considerably from shallow-water, to submerged shelf, to unstable slope successions and basinal assemblages. This implies the existence of a varied horst-graben seafloor topography during and after rift volcanism. Many of the smaller limestone blocks throughout the melange are composed of slope facies (e.g. calciturbidites and gravity deposited breccias) suggesting that platform margin units were strongly fragmented and mixed with the melange during its formation.
Evidence from the Tauride Carbonate Platform and further north
A key question is the location of the root zone of the Mersin Melange, either to the north or to the south of the E-W-trending Tauride Carbonate Platform (Fig. 2) . Structural evidence from the melange, metamorphic sole and the ophiolite provide some indications of northward displacement under conditions of brittle deformation, but provide no direct evidence for the sense of initial movement of the ophiolite and metamorphic sole within the ocean under high-temperature ductile conditions. However, there is indirect support for southward emplacement from a comparison, both with relatively autochthonous Mesozoic Tauride Carbonate Platform successions to the north and with ophiolitic and melange units exposed further northwest.
North of the Mersin Melange, the Bolkar Daǧ (correlated with the Tauride Carbonate Platform), is divided into two major thrust sheets, known as the Southern and Northern Bolkar Daǧ units (Fig. 2) . In the Southern Bolkar Daǧ (Fig. 6) , Upper Permian shallowwater carbonates (c. 600 m thickÖşün Formation), pass into Triassic limestones, sandstones and shales with detached blocks of Permian limestone (c. 600 m thick Kargedik Formation). These lithologies are unconformably overlain by shallow-water carbonates (limestones and dolomites), several kilometres thick, of Early Jurassic to Late Cretaceous age (Cehennemdere Formation). The succession passes transitionally upwards into siliceous pelagic limestones and then into lithoclastic turbidites and debris-flow deposits containing ophiolite-derived material and detached blocks of Permian, Triassic and Jurassic limestone (several hundred metre-thick Aslanköy Formation). Interbedded pelagic and hemi-pelagic carbonates contain planktic foraminifera of Late Cretaceous age (Demirtaşlı et al. 1984) .
During this study we logged a succession (near Yavça; Fig. 17 ). This records initial destabilization of the drowned carbonate platform, followed by input of sediment both from the collapsing carbonate platform (mainly as calciturbidites and debris-flow deposits) and from the advancing allochthon (as lithoclastic muds and sand/silt turbidites). Deposition culminated in a mudstone/sandstone turbidite succession mainly derived from the advancing allochthon, with the addition of detached blocks (olistoliths) derived from the Bolkar Daǧ platform. This succession is interpreted to record collapse of the carbonate platform related to flexure and loading related to an allochthon advancing from the Northern Neotethys.
The Northern Bolkar Daǧ succession (Fig. 6 ) is similar to the Southern Bolkar Daǧ succession, but is generally more metamorphosed to marble, with slate and schist intercalations especially in the north. Permian neritic carbonates, with local bauxite lenses, are overlain by Lower-Middle Triassic shallow-marine shales and impure carbonates. Diabase sills are present in the north. Thick shallow-water platform carbonates of Late Triassic age, with minor bauxite, form the highest mountains (up to 3524 m). Shallow-water carbonates of Jurassic-Late Cretaceous age follow, again with bauxite layers. There is a transition to deeper marine pelagic carbonates at the top of the succession.
The Northern Bolkar Daǧ unit is thrust northwards over ophiolitic melange and a dismembered ophiolite, known locally as the Alihoca ophiolite (Dilek & Whitney, 1997) ; Clark & Robertson, 2002) . This forms part of the larger Pozantı-Karsantı ophiolite which extends further east onto the Aladaǧ (Ç akır, 1978; Juteau, 1980; Tekeli et al. 1984; U.Ünlügenç, unpub. Ph.D. thesis, Keele Univ, 1993; Lytwyn & Casey, 1995; Polat, Casey & Kerrich, 1996;  Fig. 1 ). Several isolated ophiolite klippen tectonically overlie the meta-platform carbonate succession in the eastern part of the Northern Bolkar Daǧ unit. One of these, the Kiziltepe ophiolitic thrust sheet, consists of serpentinized peridotite and metamorphosed extrusive rocks, and is tectonically underlain by a thin sliver of foliated amphibolites. In the Northern Bolkar Daǧ unit, these amphibolitic rocks exhibit a HP/LT (high pressure/low temperature) blueschist facies overprint (Dilek & Whitney, 1997) .
Both of the local Bolkar Daǧ unit successions record Late Permian shallow-water carbonate deposition, followed by Early-Mid-Triassic rifting, associated with basic magmatism exposed in the north. This was followed by passive subsidence during Late TriassicLate Cretaceous time. During the Late Cretaceous, ophiolite-derived sediments and detached ophiolite blocks were shed into a foredeep, derived from continental margin and ophiolite units. These units were emplaced southwards onto the Bolkar Daǧ unit regionally, as shown by kinematic evidence (Polat & Casey, 1995) . Shallow-marine transgression occurred as early as Maastrichtian time along the northern margin of the Northern Bolkar Daǧ unit (Demirtaşlı et al. 1984; Clark & Robertson, 2002) . The area to the southwest of the Northern Bolkar Daǧ unit includes inliers of post-emplacement ophiolite-derived conglomerates that are dated as Early Paleocene (Demirtaşlı et al. 1984) , suggesting that the emplacement of the allochthonous rocks was completed soon after latest Cretaceous time.
The evidence from the Bolkar Daǧ carbonate platform to the north of the Mersin Melange, therefore, indicates that the platform collapsed and was overridden by allochthonous ophiolitic rocks in latest Cretaceous time but does not prove the direction of emplacement.
Regional comparisons
To shed further light on the question of emplacement direction, the Mersin Melange can be compared with other melange units exposed generally to the north and south of the Tauride Carbonate Platform (Fig. 1) . The Tauride Carbonate Platform is widely reconstructed as a microcontinent within the Mesozoic Tethyan ocean (Neotethys: Ş engör & Yılmaz, 1981; Robertson & Dixon, 1984; Dercourt, Ricou & Vrielynck, 1993) . Relevant units to the north are the Beyşehir-HoyranHadim Nappes, which extend for > 500 km E-W along the northern margin of the Tauride Carbonate Platform to the northwest of the Mersin Melange exposures. There are also to the south the Baer-Bassit ophiolite (northern Syria), the Mamonia Complex (western Cyprus) and the Antalya Complex (southwestern Turkey). These northerly and southerly units are restored to original locations within the northern and southern Neotethys, respectively (Robertson & Woodcock, 1982; Ş engör & Yılmaz, 1981; Robertson et al. 1991; Robertson, 1998 Robertson, , 2000 .
12.a. Northerly derived units: the Beyşehir-Hoyran Nappes
The Mersin Melange exhibits many similarities with the Beyşehir-Hoyran Nappes that structurally overlie the northern margin of the Tauride Carbonate Platform: (1) Each of the four lithological associations of the Mersin Melange can be correlated with a thrust sheet within the Beyşehir-Hoyran Nappes as a whole.
(2) Upper Permian shallow-water carbonates are locally present in both areas, although restricted to occasional blocks within the melange in the Beyşehir-Hoyran Nappes (Beyşehir area; Monod, 1977) . TriassicCretaceous shallow-water carbonates (Gencek-type units) are important in both areas. (3) TriassicCretaceous terrigenous-volcanogenic-neritic-pelagic units (Huǧlu-type units) form another major succession in both areas. (4) In the Beyşehir-Hoyran Nappes, Ammonitoco Rosso of Toarcian age (Monod, 1977) is overlain by red ribbon radiolarites, then by Upper Cretaceous pelagic carbonates. A similar succession including Ammonitoco Rosso occurs in the Mersin Melange. (5) Late Cretaceous debris-flow deposits, similar to those of the Mersin Melange, form a matrix to some units of the Beyşehir-Hoyran Nappe (the 'Wildfysch' of Monod, 1977, or the syn-tectonic debris flows of Andrew & Robertson, 2002) .
The nearest exposures of the Beyşehir-Hoyran Nappes to the Mersin Melange are located in the Karaman area, c. 100 km to the northwest (the Insaniye and Oǧuklu Daǧ units: Andrew & Robertson, 2002; T. Andrew, unpub. Ph.D. thesis. Univ. Edinburgh, 2003; Fig. 1) . Logged successions from this area of the Beyşehir-Hoyran Nappes are similar to those of the Mersin Melange, including the presence of siliceous tuff, nodular carbonates and radiolarites in both areas (Fig. 7) .
The main difference between the Beyşehir-Hoyran Nappes and the Mersin Melange is the structural style, as follows. (1) The Beyşehir-Hoyran Nappes include relatively coherent stratigraphic successions, in contrast to the melange and broken formation of the Mersin Melange. Despite this, in some areas the Beyşehir-Hoyran Nappes are strongly tectonically disrupted, creating broken formation and melange (Andrew & Robertson, 2002) similar to the Mersin Melange. (2) The large-scale thrust stacking order differs in the two areas. In the Mersin Melange the ophiolite occurs at the top of the thrust stack, followed (downwards) by the metamorphic sole and then by the Mersin Melange. By contrast, in the Beyşehir-Hoyran Nappes the ophiolite and related melange (e.g. in the Beyşehir area) occurs near the base of the thrust stack with, above it, a volcanic-sedimentary (Huǧlu-type) units, a neritic unit (Gencek-type units) and a neriticpelagic (Boyalı Tepe-type) unit. There is some local variation in the relative order of these upper volcanicsedimentary thrust sheets but all overlie the ophiolite (Andrew & Robertson, 2002) .
The unusual stacking order of the Hoyran-Beyşehir Nappes was explained by southward re-thrusting during Late Eocene time (Andrew & Robertson, 2002) . During this event, part of the northern margin of the Tauride Carbonate Platform was detached and thrust southwards forming the regionally extensive Hadim Nappe (that includes Palaeozoic-Lower Tertiary successions), with the Hoyran-Beyşehir Nappes riding above. During the inferred re-thrusting the ophiolite was relocated near the base of the Hoyran-Beyşehir Nappes. The Hadim Nappe and associated effects of rethrusting are not known to extend as far east as the Mersin Melange (Özgül, 1984; Demirtaşlı et al. 1984) . In this easterly region both the northern margin (Demirtaşlı et al. 1984; Clark & Robertson, 2002) and the southern margin (Avşar, 1992) (Clark & Robertson, 2002) , but there is no evidence of Late Eocene compression affecting the Mersin Melange further south. Prior to Late Eocene re-thrusting it is, therefore, likely that the tectonostratigraphy of the Mersin Melange and the Beyşehir-Hoyran Nappes were very similar and that they formed contiguous units along the northern margin of the Tauride continental unit.
Structural evidence (Andrew & Robertson, 2002) shows that the Hoyran-Beyşehir Nappes were initially emplaced southwards onto the Tauride Carbonate Platform in latest Cretaceous time (Monod, 1977; Özgül, 1984) , and thus must be restored to a position along the northern margin of the Tauride Carbonate Platform. The volcanogenic-terrigenous-pelagic (Huǧlu-type) units are interpreted as a marginal rift and the Triassic neritic carbonates (Gencek-type units) as a marginal part of the Tauride Carbonate Platform. Triassic neritic carbonates overlain by Toarcian Ammonitoco Rosso (Boyalı Tepe-type units) are interpreted as submerged off-margin carbonate highs. These restored settings of the Hoyran-Beyşehir Nappes are consistent with our interpretation of the Mersin Melange.
12.b. Southerly derived units
In northern Syria, the Baer-Bassit Melange structurally underlies, and is interleaved with, the Late Cretaceous Baer-Bassit ophiolite (Delaune-Mayère, 1984; Parrot, 1977; Whitechurch, 1977; Delaloye & Wagner, 1984; . Some features are comparable with the Mersin Melange: (1) the melange is intergradational between severely disrupted thrust sheets, broken formation and melange; (2) a metamorphic sole and a complete (but dismembered) ophiolite are present; (3) the protoliths of the metamorphic sole rocks are within-plate type alkaline basalt (inferred seamounts).
However, there are many differences: (1) no lithologies older than Late Triassic carbonates are known in Baer-Bassit; (2) Late Triassic rift-related, mixed volcanic-terrigenous successions are absent; (3) Triassic-Cretaceous shelf carbonates are absent; only slope to basinal facies are preserved; (4) the matrix of the Baer-Bassit melange is almost entirely tectonic in origin, with minimal syn-emplacement sediments . The Baer-Bassit Melange is interpreted as part of the northern margin of the southern Neotethys, that is, related to the Arabian margin .
Similarities with the Mamonia Complex of southwestern and western Cyprus are restricted to a Late Triassic to Cretaceous age and the presence of widespread broken formation (Lapierre, 1972; Robertson & Woodcock, 1979; Swarbrick, 1980) . Differences include: (1) an absence of neritic carbonates, other than blocks of Late Triassic limestone (Petra tou Romiou Limestone) interpreted as oceanic seamounts; (2) the presence of Triassic terrigenous sandstone turbidites without volcanic rocks, in contrast to the mixed terrigenous-volcanogenic units of the Mersin Melange; (3) an absence of emplacement related gravity deposits, other than locally overlying, undeformed debris flow deposits (Kathikas Melange: Swarbrick & Naylor, 1979) ; (4) an absence of an over-riding ophiolite and metamorphic sole. Ophiolitic and related metamorphic rocks occur in high-angle fault contact with Triassic-Cretaceous sedimentary and volcanic rocks of continental margin to oceanic affinities, respectively (Robertson & Xenophontos, 1993) . The Mamonia Complex is restored as part of the rifted southern margin of the Tauride Carbonate Platform, or of a satellite microcontinent (Robertson, 1998 (Robertson, , 2000 .
The Antalya Complex, southern Turkey, includes continental margin and oceanic units of similar age to the Mersin Melange. The exposures of the Antalya Complex nearest to the Mersin Melange are located within the elongate Güzelsu Corridor, between the Tauride Carbonate Platform to the north and the metamorphic Alanya Massif to the south (Fig. 1) . Differences with the Mersin Melange include: (1) the Antalya sedimentary succession in this area is associated with thick (c. 1000 m) intact successions of coralgal limestone of mainly Late Triassic age (e.g. Katran Daǧ: Monod, 1977) . These neritic carbonates are much thicker and more intact than the Triassic neritic broken formation of the Mersin Melange; (2) Triassic basalts exposed in the Güzelsu corridor are of WPB type (Robertson & Waldron, 1990) , in contrast to the siliceous extrusive and tuffaceous rocks of the Mersin Melange; (3) Late Triassic quartzose turbidites pass upwards into Late Triassic hemi-pelagic Halobia limestone, then radiolarites of Late JurassicEarly Cretaceous age, and local Cretaceous pelagic carbonates (very locally preserved). Ammonitico Rosso is not present in contrast to the Mersin Melange (and the Beyşehir-Hoyran Nappes). Similar, but much more extensive, exposures of the Antalya Complex are present in the Isparta Angle further west (Poisson, 1977; Robertson & Woodcock, 1982; Robertson et al. 1991; Robertson, Poisson & Akinci, 2003) . The Mesozoic succession of the Antalya Complex exhibits many similarities with the Mamonia Complex of western Cyprus and is interpreted as forming part of the rifted southern margin of the Tauride Carbonate Platform, which was divided into several carbonate platforms separated by basins (Robertson, 1998 (Robertson, , 2000 .
Discussion: direction of emplacement
The regional comparisons, outlined above, support derivation of the Mersin Melange from Neotethys to the north of the Tauride Carbonate Platform.
(1) The Mersin Melange is similar in age and restored stratigraphy to the Beyşehir-Hoyran Nappes that are generally accepted to have been emplaced southwards onto the Tauride Carbonate Platform, initially in latest Cretaceous time (Monod, 1977; Özgül, 1984 , 1997 Andrew & Robertson, 2002) . (2) There is kinematic evidence that the Pozantı-Karsantı ophiolite and related units (Parlak, Höck & Delaloye, 2002) , located along the northern margin of the Tauride Carbonate Platform, were emplaced southwards onto the Tauride Carbonate Platform (Polat & Casey, 1995) (that is, towards the Mersin Melange and ophiolite exposures). (3) Ophiolites and melange were thrust southwards over Tauride Carbonate Platform-related units from a northerly Neotethyan oceanic basin. This applies across Turkey as a whole, from the Lycian Nappes in the west to the Munzur Daǧ in the east (Ş engör & Yılmaz, 1981; Robertson & Dixon, 1984) . (4) There is limited evidence of south-facing folds in the Mersin Melange although fold facing can rarely be observed. (5) There is, at present, no convincing evidence of Late Cretaceous ophiolites being emplaced northwards over Tauride carbonate platform units in latest Cretaceous time in adjacent regions. This applies from the Antalya Complex in the west to the Bitlis suture zone in southeastern Turkey. Evidence from southeastern Turkey suggests the southern Neotethys was subducted northwards beneath the Tauride Carbonate Platform (Hall, 1977; Aktaş & Robertson, 1984; Yılmaz, 1993; Robertson et al. 2004) . (6) Palaeozoic successions exposed in the southern part of the Tauride Carbonate Platform lack evidence of Late Palaeozoic magmatic intrusions (Demirtaşlı et al. 1984; Göncuöǧlu & Kozlu, 2000) , such that it is more probable that the dated Devonian granite was derived from further north, as discussed earlier.
However, a northerly derivation is not without several problems.
(1) The Mersin Melange dips regionally southwards at a higher angle than can be explained simply by Tertiary uplift. (2) We observed northerly vergence (thrust duplexes and folds) from the basaltradiolarite-pelagic limestone lithological association just beneath the Mersin Ophiolite and from the basal serpentinized harzburgite above. (3) We confirm that later stage brittle folds and some outcrop-scale duplexes from the metamorphic sole show mainly northward vergence (Parlak, Bozkurt & Delaloye, 1996) , although, as discussed earlier, the early-stage high-temperature ductile folds do not record evidence of emplacement direction.
Proposed tectonic model
How can the above apparently opposing lines of structural evidence be resolved? Here, we propose that the Mersin Melange and Mersin Ophiolite were initially emplaced from the north, but then soon underwent a phase of backthrusting related to the exhumation of the Tauride Carbonate Platform from beneath the ophiolite.
During emplacement, the rift/passive margin units of the Mersin Melange and the distal edge of the Tauride Carbonate Platform were detached and emplaced together with the over-riding Mersin Ophiolite during Campanian-Maastrichtian time. By contrast, as a result of attempted northward subduction, the leading edge of the northern margin of the Tauride Carbonate Platform (Northern Bolkar Daǧ unit) was underthrust, deeply buried (tens of kilometres) and metamorphosed under HP-LT conditions. As a result of the buoyancy of the downgoing continental crust this leading edge was then rapidly exhumed, allowing a sedimentary transgression of the over-riding ophiolite and ophiolitic melange still during Maastrichtian time. During postsuturing compression in Late Eocene time, the Tauride Carbonate Platform in this area was subdivided by northward thrusting into the Northern Bolkar Daǧ unit and the structurally overlying Southern Bolkar Daǧ unit. The Northern Bolkar Daǧ unit was, in turn, thrust northwards over the Alihoca ophiolite, the related melange and the mutual Maastrichtian-Palaeogene sedimentary-volcanic cover of both units (Jaffey & Robertson, 2001; Clark & Robertson, 2002) .
After latest Cretaceous exhumation, the Mersin Melange was exposed, probably subaerially, giving rise to locally preserved, but undated, transgressive conglomerates. Considerably further southwest in a small area north of Mersin (south of Namrun), the melange is unconformably overlain by basal conglomerates, passing first into sandstones, then into Paleocene (Ilerdian) shallow-marine argillaceous limestones rich in neritic foraminifera (Alveolina subpyrenaica, A. moussoulensis and A. varians) . The intact succession continues with sandstones, then Nummulitic limestones of Cuisian-Lutetian age, in turn unconformably overlain, above a basal conglomerate, by Lower Miocene carbonate rocks of the Adana Basin (Avşar, 1992) . Later, the whole area was transgressed by shallowwater nummulitic carbonates during the EoceneOligocene, although only small remnants of this facies are now exposed. During Early Miocene time, the southern margin of the Tauride carbonate platform was transgressed by shallow-water carbonates, initiating the Adana Basin that was subaerially exposed by Late Miocene time. Uplift and erosion followed in PlioQuaternary time, culminating in deep dissection to expose the Mersin Ophiolite beneath the Adana Basin.
We explain the north-verging structures associated with the Mersin Melange and the Mersin Ophiolite by backthrusting during exhumation of the partially subducted Tauride Carbonate Platform. A similar problem of anomalous thrust vergence occurs in Oman (south of the Semail Gap). Structures are indicative of the emplacement of the Oman ophiolite onto the Arabian continental margin from the NNE to SSW, regionally. However, large-scale NNE-facing recumbent sheath folds occur in HP-LT metamorphic rocks. Searle & Cox (1999) attribute these anomalous oceanward-directed structures to the exhumation of the leading edge of the Arabian passive continental margin after its subduction and metamorphism under HP-LT conditions. During Late Cretaceous time, the Oman ophiolite is considered to have formed above a northeastward-dipping intra-oceanic subduction zone (Pearce et al. 1981 . This subduction zone is inferred to have subsequently collided with the Oman passive margin, emplacing the Oman ophiolite and the Hawasina continental margin sedimentary and volcanic rocks onto the Arabian platform (e.g. Robertson & Searle, 1990) . The leading edge of the Arabian passive margin was deeply buried as a result of attempted subduction, followed by rapid exhumation, prior to the end of Cretaceous time. Large-scale, low-angle normal faults and oceanward-directed folds and thrusts formed during this exhumation in response to large-scale shear between the underthrust margin and the over-riding ophiolite.
Comparable high pressure-low temperature rocks are associated with the Tauride Carbonate Platform, north of the Mersin Melange (Dilek & Whitney, 1997) . As in Oman, the emplacement of a suprasubduction ophiolite is seen as being driven by trenchmargin collision, coupled with attempted subduction of the leading edge of the continental margin, in this case the Bolkar Daǧ. Exhumation took place in both regions rapidly, during Maastrichtian time in both areas (Clark & Robertson, 2002; Robertson & Searle, 1990) . During this exhumation, large-scale shear took place between an exhuming Tauride Carbonate Platform and a backthrusting Mersin Ophiolite, as inferred for Oman (Searle & Cox, 1999) . This deformation is seen as producing the north-verging brittle structures observed, particularly near the base of the ophiolite, together with the southward inclination of the Mersin Melange as a whole. Comparable latest Cretaceous exhumation of HP/LT assemblages is known to have affected the northern margin of the Tauride Carbonate Platform (Anatolides) in western Turkey on a regional basis (Okay, Harris & Kelley, 1998) .
Conclusions: palaeotectonic evolution
We conclude by summarizing our view of the tectonic evolution of the Mersin Melange as a series of time slices (Fig. 18) .
Late Permian. Shallow-water carbonates were deposited along the northern margin of the future Tauride Carbonate Platform in a pre-rift or early-rift setting.
Early-Mid-Triassic. The rift became volcanically active, with the eruption of mainly silicic lavas and tuffs in Mid-Late Triassic time (Fig. 18a) . Terrigenous sandstones and conglomerates were eroded from the Palaeozoic basement of the future Tauride Carbonate Platform and deposited within the rift, largely by turbidity currents and debris flows.
Late Triassic-Early Cretaceous. Passive margin subsidence ensued (Fig. 18b) . A horst-graben topography remained after volcanism ended that was characterized by a range of shallow-water, slope and deeper water basinal settings in which mainly carbonate sediments accumulated. Submerged platforms ('highs') were overlain by stratigraphically condensed Ammonitico Rosso, by comparison with similar facies in the Beyşehir-Hoyran Nappes (Boyalı Tepe-type facies: Monod, 1977; Andrew & Robertson, 2002) . These carbonates were covered by radiolarian oozes of inferred Late Jurassic-Early Cretaceous age, as in the Beyşehir-Hoyran Nappes.
Late Cretaceous. The Mersin Ophiolite formed within Neotethys (Fig. 18c) above an inferred intraoceanic subduction zone (Parlak, Delaloye & Bingöl, 1996) . A similar setting is postulated for the Beyşehir ophiolite further west (Andrew & Robertson, 2002) . Pelagic carbonates were deposited over the entire region, from the platform to the adjacent oceanic crust during the Late Cretaceous. Northward intra-oceanic converge was initiated around 92.6 ± 0.2 Ma, giving rise to the hightemperature amphibolite facies metamorphic sole of the ophiolite (Parlak & Delaloye, 1999; Fig. 18d ). The protoliths of the underplated amphibolite and greenschist facies metamorphic rocks are viewed as originally one, or several, small volcanic buildups that were preferentially accreted, whereas the underlying oceanic crust was subducted. During subduction/accretion, sedimentary and volcanic material was reworked as debris-flow deposits and lithoclastic turbidites. These sediments probably accumulated in small thrust-top basins within the accretionary prism and were later incorporated into the accretionary wedge. The main driving force of southward emplacement of the ophiolite and melange was the collision of the leading edge of the Tauride continental margin with the subduction trench. The northern margin of the Tauride Carbonate Platform was simultaneously deeply buried and metamorphosed up to HP-LT conditions. Rapid exhumation of the platform is inferred to have given rise to northward-verging brittle-type structures locally affecting the base of the ophiolite, the metamorphic sole and the underlying Mersin Melange. After exhumation the Tauride Carbonate Platform was transgressed prior to the end of Maastrichtian time.
